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I am certain that you will all agree with me when I say 
that the subject of the etiology of empyema in childhood is 
This theme and its kindred fac- 
tors are at the present time subjects of the most sincere and 
painstaking investigation all over the world. The present 
communication is only a preliminary one to the more complete 
paper to be published at some future day. In it the special 
aim is to inquire into the etiology of empyema in infancy and 


_ childhood from the stand-point of modern bacteriology. In 


infancy and childhood the factors of predisposition and excit- 
ing cause are modified in their action by the nature of the 
material dealt with, a growing, developing organism. This is 
seen particularly well in the chest, where severe processes are 
borne with a resistance and impunity not to be expected in the 
We know that in practice these conditions will vary 
the prognosis. In the disease empyema, it is the etiology 
which explains in part why the treatment of the disease is 
more satisfactory in childhood than in the adult. In study- 
ing the disease we must revert constantly to the adult subject, 
and I confess that when these studies were first begun such 
reference to the adult was obligatory, for none of the works 


extant treat of the disease in childhood in a satisfactory man- 
ner. I found in the course of my work certain similarities 
between the bacteriological results as published in the adult 
and in childhood tending to uphold in important points the 
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dentity in the pdilivlowy of the affection as common to the 
child subject and the adult. A brief réswmé of the investiga- 
tions in the field is as follows: ‘The most complete series of 
observations upon empyemas was published by A. Fraenkel 
(Ueber die bakterioscopische Untersuch eiterige Ergiisse Charité 
Annalen, 1888, p. 14). He had published fragmentary com- 
munications upon the same subject at a much earlier day, an- 
ticipating Weichselbaum, who, as early as 1886, appeared with 
a paper (Wiener Jahrbiicher) confirming the most important 
views put forth by Fraenkel. Previous to this, the notices in 
the literature of bacterioscopic work were imperfect, but they 
gradually led up to the more complete investigations to be de- 
tailed. Flesch and Vaillard (Archives de Physiol. normale et 
pathol., 1886, p. 162), as also Landouzy, doubt the possibility 
of a genuine sero-fibrinous pleurisy as the result of exposure to 
cold. According to these authors all pleurisies whose etiology 
is not evident are the result of an expression of a localized 
tuberculosis. The exposure to cold only plays a predisposing 
réle in the etiology. In sero-fibrinous pleurisies the diagnosis 
is more difficult because our methods of investigation yield a 
negative result in most cases. We are thus allowed a mere 
surmise upon their true character. Ehrlich (Beitrdge zur 
Attiol, etc., Pleurit Ergiisse Charité Annalen, 1882, p. 207) inves- 
tigated with stainings the bacterial character of fluids obtained 
from the chest in forty-five cases of pleurisy. Of these, nine 
cases were tubercular, twenty simple pleurisy, six carcinoma- 
tous, and nine empyemas of various kinds. A negative result 
by cover-glass stain does not exclude tuberculosis. In nine 
cases the sputa of which showed tubercle bacilli, the bacilli 
were found in the pleuritic exudate in only two cases. Ehr- 
lich thinks that the bacilli became entrapped in the fibrin | 
masses of the pleuritic exudate, and thus escaped detection 
in the cover-glass. A. Fraenkel does not reject the possibility 
of a sero-fibrinous pleurisy as the result of an exposure to 
cold. In these cases the vital forces are so reduced by cold as 
to enable micro-organisms situated in the subpleural tissues to 
become potent. Cold may in this way be an important predis- 
posing factor in the causation of pleurisy. In this class of 
cases, where micro-organisms have not been isolated, a certain 
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percentage have proven, upon autopsy, to be tubercular. The 
etiology of the remainder is still a matter of speculation. In 
some sero-fibrinous pleurisies there has been a positive result, 
immense quantities of streptococci having been found in one 
ease (Fraenkel). In others, where micro-organisms have 
been present, the exudate became purulent subsequently. 
Fraenkel makes three principal groups of his cases of empy- 
ema. This grouping is based upon the bacteriological results, 
The first group yielded streptococcus pyogenes upon investiga- 
tion of the pleuritic exudate. These organisms may have 
been derived from the lung, a previous pneumonia ( Weichsel- 
baum), or there may not have been any preceding pneumonia. 
Such empyemas may (?) result from a traumatism without 
perforation of the chest, the trauma acting, as stated above, as 
a predisposing cause. The second group includes all those 
empyemas which result from pneumonia, post-pneumonic or 
concomitant with pneumonia. In all of these cases the diplo- 
cocecus pneumoniz (Fraenkel) is found in pure forms in the 
pleuritic exudate. This micro-organism is not only capable 
of producing suppuration, but in these cases suppuration is 
maintained by the closed pleural cavity, the presence of blood- 
vessels, and a different nutritive medium than in the artificial 
culture, where these micro-organisms soon lose their virulence ; 
Fraenkel’s cases followed or complicated fibrinous pneumonia. 
The third group is that including the tubercular empyemas. 
A fourth group of cases includes those empyemas which com- 
plicate some extra pleural focus of suppuration, pysemic cases. 
The above cases in which the pneumococcus was found followed 
lobar pneumonia. Inasmuch as in children the processes in the 
lung, when pneumonia is present, are of a broncho-pneumonic 
character in most cases below a certain age, it will be necessary 
here to anticipate by citing the researches of Weichselbaum, 
who found that the pneumococcus of Fraenkel was also an 
important etiological factor in broncho-pneumonia, lobular 
' pneumonia (Ueber die Aitiol der acuten Lungen und Rippenfel 
Eniziindung). ‘The division of pneumonia into lobar and lobu- 
lar has an anatomical but not an etiological basis. Both varie- 
ties of pneumonia may be caused by the same micro-organism, 
Weichselbaum also examined cases of pleuritis, and found not 
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only the diplococcus pneumoniz, but also the streptococcus 
" pneumonie or pyogenes and the staphylococcus pyogenes aureus. 
I will, in addition, only refer to the recent discourses of Von 
Ziemssen (Klin. Vortrdge) and Liebermeister (Deutsche Medici- 
nische Wochenschrift, Nos. 10, 11, 12, 13, 1890), as excellent 
résumés of our present knowledge in the pathology and therapy 
of the pleurisies and empyemas. My own material is made up 
of cases obtained from my dispensary and private practice, and 
I have also studied the disease in the wards of the Mount 
Sinai Hospital, New York. I wish to sincerely thank Dr. 
Barnim Scharlan, who has charge of the children’s wards at 
this hospital, for the very liberal manner in which he has 
placed his cases at my disposal ; without access to such clinical 
material the work which I present would be less satisfactory 
and simply fragmentary. The experimental work which forms 
the basis of my studies was done in the Carnegie Laboratory 
of New York. I am indebted to Dr. E. K. Dunham, of this 
institution, for many professional courtesies. The micro-photo- 
graphs were prepared from my own preparations, and are the 
work of Dr. R. H. Cunningham, house physician to the Mount 
Sinai Hospital. The apparatus used was the most improved 
Zeiss, and the beauty of the work speaks for itself. I am in- 
debted to the doctor for his patience and enthusiasm. 

Methods of investigation—In making the following studies 
I have adhered closely to the methods now so well known by 
all the investigators of the Koch school. The chest of the 
child was first carefully cleansed, a carefully sterilized needle 
and syringe was then introduced, and a small quantity of pus 
withdrawn, placed in a sterilized tube, and taken to the labora- 
tory for immediate investigation. A new syringe was used in 
each case for reasons which will appear evident to all. These 
hypodermic syringes, after they have been once the receptacle 
of pus, must be difficult to thoroughly clean, and to do away 
with this objection I never used a syringe twice, but discarded 
the old syringes. The new syringe, after having been carefully _ 
prepared by washing with sublimate, alcohol, ether, and sterile- 
distilled water, was attached to needles sterilized by dry heat 
in the usual way. The pug was immediately sown upon plates 
and tubes, and crue cover-glasses were also prepared and stain- 
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ings made. When pure cultures were obtained from the agar 
or bouillon in the case of the diplococcus pneumonia, or from 
agar, gelatin, and bouillon in case of streptococci or staphylo- 
cocci, they were used for experimental work. Or the pus was, 
according to Weichselbaum’s method, inoculated into agar 
tubes, and when sufficient growth was attained new tubes and 

plates were made, the latter to test the purity of cultures. 

The above was carefully carried out in each case. The media 
used were blood serum, agar-agar, gelatin, glycerin-agar 
bouillon, and potato. I found that the most uniform results 
were obtained with the agar invented by Weichselbaum ; it has 

the requisite consistency and moisture. The pure cultures were 

suspended in sterile-distilled water and injected into animals, 
or the pure bouillon culture was injected... Rabbits, guinea- 
pigs, and rats were the animals used. The cover-glasses which 
had been prepared with crude pus were stained with methyl 
violet or with gentian violet by the Gram method. They 
were stained also for tubercle bacilli. I have determined to 
report to you my results in twelve cases of empyema, and 
I will divide them, as Fraenkel, into groups. 

- Group I.—This group includes those cases in which the 
bacterioscopic results are not uniform, and in which the micro- 
organisms found are not diagnostic. The streptococcus pyo- 
genes or the staphylococcus pyogenes aureus were found. I 
have three such cases to report. Thus far they occurred in chil- 
dren aged seven years (female), eleven months (male), and twelve 
years (male), respectively. In all of these cases the history, 
prior to and during illness, failed to elicit any clinical possi- 
bility of tuberculosis. In all, the bacterioscopic results were 
as above. I leave the clinical histories of all the cases of this 
paper for future publication. In two cases the streptococcus 
or chaincoccus was found which in every way as to growth and 
-action corresponds to the streptococcus pyogenes. In the third — 
ease, a child, aged eleven months, the staphylococcus .was 
found which in every way corresponds to the staphylococcus 
pyogenes aureus. The above group finds its exact counterpart 
in the group of similar cases investigated by Fraenkel in the 
adult. Eliminating the presence @f tuberculosis, we are still 
in doubt as to the exact etiology of these cases; we might with 
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Fraenkel suppose that they could have complicated a pneu- 
monia, for Weichselbaum proved that in pneumonia there 
were present (as mixed infections) both the streptococcus pyo- 
genes and the staphylococcus pyogenes aureus. Again, these 
empyemas could arise spontaneously, as explained above, with 
the predisposing aid of exposure and cold or a slight trauma- 
tism, the above micro-organisms being present in the sub- 
pleural tissues. In none of my cases was a traumatism men- 
tioned in the history. On the whole, it seems uncertain as to 
how these empyemas originate. The organisms found, as you 
see, are not characteristic. 

Group II.—This group includes those cases in which I 
have been able to establish the presence of the pneumocogcus 
of Fraenkel and’ Weichselbaum in the purulent exudate. 
This organism was found in pure form and uncontaminated 
in all the cases of this group. I was perhaps fortunate in 
working with a simple purulent exudate and obtaining my 
specimen pure and uncontaminated. In all the cases the crude 
pus spread upon cover-glasses and stained showed the capsule- 
coccus singly or in pairs or chains, and the Jancet-shapes could 
be beautifully seen. These diplococci could be well stained 
by the Gram method. The pure cultures with Weichselbaum 
agar were characteristic, and I leave their description for a 
more lengthy paper. ‘There are seven cases to report in this 
group, six males and one female child, aged five years, twelve 
months, two and a half years, three and a half years, two years, 
and two and a quarter years, respectively. I wish to direct 
particular notice to two cases of this group. In both of these 
cases the effusion, when drawn from the chest with the hypo- 
dermic syringe, was at first clear and serous, in one case being 
devoid even of fibrin floceuli. In both cases, however, the diplo- 
-coccus pneumonia was isolated in pure culture, and its viru- 
lence established upon animals. This micro-organism could 
also be stained by spreading a drop of the erude exudate upon 
cover-glasses. If a drop of this exudate were placed under 
the microscope, the diplococcus could be seen, as also a few 
lymphoid cells. These cases subsequently became pronounced 
empyemas, the serous havifig turned into a purulent exudate. 
This tends to support the assertion of Fraenkel that when an 
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exudate, serous in character, contains streptococci, it can be 
predicted that it will shortly become markedly purulent. The 
same could be stated of the diplococeus pneumoniz, for we 
know of its established capabilities to produce suppuration. 
The above also shows that the character of a serous exudate 
cannot be established until examined bacteriologically. In this 
way we can make a differential diagnosis between those exu- 
dates which, like the above, are acute in character and those 
which are serous, and contain no micro-organisms and fail to 
give any results with our media, and the majority of which, in 
the adult at least, are tubercular. The presence of a serous 
fluid in the hypodermic may be of little use in proving the 
purulent character of the fluid in the chest as far as gross ap- 
pearance is concerned. It is well known that the pus of 
empyema, even in the chest, has a tendency to separate into 
two portions ; that portion in the dependent part of the chest 
may contain most of the lymphoid cells and be markedly 
purulent to the macroscopic examination, while the upper 
stratum which we have aspirated may be serous. The clinical 
diagnosis of pleurisy with serous effusion is only temporary 
at best, and we must be always on the lookout for pus, espe- 
cially if the serous fluid aspirated contains streptococci or 
diplococci. It has been customary formerly to assume that if 
a fluid has been serous at the first aspiration and subsequently 
became purulent, it had been contaminated from without by 
the hypodermic. If such effusions had been carefully exam- 
ined, I am sure micro-organisms would have been established 
at the very outset. When a serous exudate has from the very 
first been proven free from organisms and then subsequently 
turns purulent, then we may think of some contamination or 
mixed infection. When the bacterioscopic result is as positive 
as in the cases of this group, I think it is not necessary to 
prove the clinical presence of a pneumonia in order to trace the 
origin of theempyema. ‘The isolated presence of such a virulent 
micro-organism as the diplococcus is sufficient proof as to the 
origin of such inflammatory processes of the pleura. As stated 
above, the cultures of all the cases in this group were inocu- 
Jated upon animals with results identical with those of Fraenkel 
and Weichselbaum. I shall publish them in the near future. 
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Group III.—Empyemas occurring in tubercular subjects, 
as far as investigations in the adult teach us, may be encap- 
suled and localized to narrow limits by adhesions in the chest, 
or they may be diffused over the whole pleural surface. They 
may complicate a tubercular condition of the lungs, or they 
may be present when there is no pulmonary tuberculosis. 
The general result is not changed by these conditions, the 
prognosis is always bad and conditional: a partial recovery is 
the result in the most favorable cases. The tubercular cases 
in the adult are the most unsatisfactory to treat. Though we 
relieve certain symptoms, other conditions are superimposed ; 
by our treatment which are not less harassing to the patient 
than were the symptoms of the original condition. In adults 
the bacteriological investigations may (Fraenkel) yield an 
absolutely negative result. Our inoculations of the pus from 
the pleurai cavity upon various media yields us nothing, and 
thus far experiments upon animals have been equally unsuc- - 
cessful. This may be because our present methods and media 
fail to reach these cases; or, better still, because, though the 
tubercle bacilli may exist in the pleural adhesions and the 
tubercle tissue of the adhesions and thickened pleura, they 
may be present in such small numbers in the exudate, at 
least in that withdrawn from the chest, as to fail to grow when 
artificially cultivated. When a case, upon careful examina- 
tion of the pus, gives an absolutely negative result, we are 
justified in assuming the possibility of a tuberculosis. In 
most of these cases where post-mortem has been made tuber- 
culosis has been established. The second class of cases of 
a tubercular nature are those in which the sputa of the 
patient and the pus of the empyema show tubercle bacilli, 
both by stain and culture. Lastly, streptococci have in some 
cases been found to contaminate the pus in some of these 
tubercular cases (Fraenkel). In this last set of cases a con- 
tamination is assumed from the subpleural tissues or the lung. 
In children, as far as I know, no parallel investigations to the 
above are on record. I have only one case to report, a boy of 
eight years, in whom the empyema is tubercular. In this 
case tubercle bacilli were found in the pus of the chest, but it 
was contaminated by the presence of streptococcus pyogenes. 
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This corresponds to an adult case of Fraenkel’s. This patient 
is still alive, and, though walking about, carries a large sup- 
purating cavity in the chest, which refuses to close in spite of 
the enormous contraction of the chest wall and extensive 
resection of numerous ribs. There are no signs of tuberculosis 
discoverable in the healthy Jung. It was not possible to 
obtain the sputa for examination. Thus far my experiments 
upon animals with the pus have been negative, the results 
being clouded by the presence of streptococci. It is not at all 
impossible for a tubercular empyema to make, if localized, an 
apparent temporary recovery; but whether such recoveries 
become permanent it is at present impossible to say. It is 
also problematic in these cases as to what is the real focus of 
trouble ; why should a tubercular area in the lung, for a long 
time dormant, suddenly cause an empyema? We could here 
also invoke the predisposing exposure or traumatism. Tuber- 


cular empyemas are the most difficult to diagnosticate in some 


instances during the life of the patient. In children it is not 
always possible to establish a tuberculosis of the lung by 
physical exploration; the sputa is also difficult to obtain. 
These little patients have been so harrowed by the disease and 
its results, and the presence of paraphernalia of the ward is 
so associated in their minds with suffering, that when a bottle 


or spit-cup is placed before them they resist all attempts to 


obtain a specimen of sputa. 

Group IV.—The last group of empyemas in children 
belongs to that class of cases in which we can, with a degree 
of probability, point to a focus of suppuration situated out- 
side the chest as the possible source of infection. These cases 
include pysmic infections, and correspond to that variety of 
empyemas which, in the adult, are found complicating puer- 


- peral cases, or cases with retropharyngeal abscess or perito- 


nitis (Fraenkel). The case which I desire to place in this 
group occurred in a child aged four months, breast-fed, which, 
for two weeks previous to the chest-trouble, had been suffering 
from a deep burrowing abscess on one foot. Just before the 


_ appearance of this abscess the infant had been vaccinated, and 


at the time of consultation for the chest-trouble the vaccine 
pustule looked quite angry. The pus, withdrawn with the 
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usual precautions from the chest in this case, contained strep- 
tococcus pyogenes, which, upon inoculation, proved virulent in 
action. An animal inoculated with this pure culture died 
with multiple abscess of the liver and lung, general jaundice, 
and a large soft spleen. This case proved fatal in two days 
after pus was established in the chest, in spite of operation, 
dying with all symptoms of pysemic infection. No autopsy 
was permitted. 

The conclusion to be derived from the above is a forcible 
one, tending to show what a large proportion of empyemas in 
children follow or complicate processes in the lung of an acute 
character. With early and efficient treatment we can look 
all these cases hopefully in the face. Even those whose 
etiology is uncertain do not hold out such a bad prognosis to 
the patient. The tubercular and pysmic cases are the stum- 
bling stones of pediatric practice. 


DISCUSSION. 


Dr. BookeEr, of Baltimore——During the last six or eight 
weeks we have had an unusually large number of cases of 
empyema among the children at the Johns Hopkins Dis- 
pensary, having had five cases within that time, and Dr. Shaw 
has been making some investigations from a bacteriological 
stand-point. 

The president then called on Dr. Shaw, of Baltimore, ° 
who said,— 

I may state some of the results of the investigation, as 
they bear a close relation to the admirable paper just read. 
It is my regret to say that no examination was made of the 
pus of the first case. In the remaining four the pneumococcus 
was found on each occasion. The pus from two of these. was 
inoculated in each case into a rabbit and a mouse, with the 
results that the pneumococcus was obtained in a pure culture. 
The mouse of the first case died on the fourth day, and the 
autopsy showed all of the organs to be infected with the 
micro-organism as also the blood, but the results.on the rabbit 
were frustrated, owing to the fact that the needle of. the 
syringe perforated the intestine from which a_ peritonitis 
was set up, in the fluid of which the colon bacterium was. 
found. I may also say that the pneumococcus was likewise 
obtained, but no value was attached to the experiment. 

In the second series of inoculation the rabbit died on the 


cay: seth eirkas ations of infection in all of the 

viscera as before, and the pneumococcus was again obtained in 

pure culture. The mouse lived for some time after, so no 
ey value was attached to the autopsy. 

___ In the pus of all examined the micro-organism was in a 
mM form we have never seen it before, being in chains of from 
_ four to seven in number, and surrounded by a continuous 
pao capsule. Some of these had peculiar hooked ends. I might 

Sa bah eee it was not obtained in this form from the animals 
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